The aim of this study was to measure the version of femoral neck on dried Thai human femora. The version of femoral neck varies widely. It is important to know the version of femoral neck in a particular population to undertake successful femoral neck reconstructive surgery. Paired 216 dried femora of adult Thais from the bone collection maintained in the Department of Anatomy at the Faculty of Medicine, Khon Kaen University, Thailand, were used to measure the version of femoral neck. The mean+SD femoral anteversion (FNA) was 16.21+5.24 degrees. The 95% confidence interval of FNA was from 15.48 to 16.94 degrees. The 95% confidence intervals of male and female average FNA were 14.75 to 16.90 and 15.59 to 17.59 degrees respectively. There was no significance difference of the FNA between males and females in both anteversion and retroversion groups. The average male FNA showed no statistical difference to average female anteversion. The 95% confidence intervals of males and females average retroversion were -8.22 to -4.80 and -7.71 to -4.47 degrees respectively. The average male retroversion showed no statistical difference to average female retroversion. The overall 95% confidence interval of femoral neck anteversion and retroversion were 15.48 to 16.94 degrees and -7.33 to -5.27 with no significant difference between males and females. These degrees of FNA must be considered when the femoral neck reconstructive surgery is planned.
INTRODUCTION
Femoral neck anteversion (FNA) is defined as the angle between an imaginary transverse line that reference to bicondylar plane of the distal end of the femur and an imaginary transverse line passing through the center of the femoral head and neck (Fabry et al., 1973) . Anteversion occurs when the axis of the neck inclines forward to the transcondylar plane but if it points posterior to the transcondylar plane it is known as retroversion. FNA may occur due to medial rotation of the limb bud during early intrauterine life, which gradually lessens during the postnatal period (Staheli, 1980) . In postnatal development, a reduction of the FNA usually occurs during growth (Staheli; Fabeck et al., 2002) . Between 3 and 12 months of age, the FNA average value is 39 degrees reaching a value close to 16 degrees at adult life (Dunlap et al., 1953) . The FNA has important implications in various corrective osteotomies as well as in hip arthroplasties (Shrikant et al., 2009) . Previous studies have used various methods to measure the FNA, namely measuring the FNA mechanically on cadaveric bones (Kate & Robert, 1963; Yoshioka et al., 1987) as well as in patients by using roentgenography (Ruby et al., 1979) , ultrasound (Lausten et al., 1989) , computerized tomography (Lausten et al.) , or MRI (Schneider et al., 1997) . The Kingsley & Olmsted (KO) method has been used various researchers and is considered to be the most accurate method (Kingsley & Olmsted, 1948) . The FNA varies widely, and it is important to know the FNA in a particular population to undertake the successful femoral neck reconstructive surgery for instance. This project was undertaken with the aim to measure the angle of version on dried human femora from Thais.
MATERIAL AND METHOD
Paired 216 Thai dried adult femora from the bone collection maintained in the Department of Anatomy at the Faculty of Medicine, Khon Kaen University, Thailand, were included in the study. Those of unknown age and sex were excluded from this study. All bones were well preserved and had no gross pathology. The age and sex of the deceased were recorded. The femora examined in this study belonged to 108 men (25 to 75 years, mean+SD 60.08+14.88 years), and 108 women (28 to 75 years, mean+SD 58.08+16.30 years). All of the dried femora came from individuals who had donated their bodies to the Department. The FNA was measured by the KO method. The femora were placed horizontally on the table to ensure that the condyles of the inferior end rested on the table surface. The FNA was measured using a protractor to estimate the femoral anteversion angle (Fig. 1 ).
Three measurements were taken for each bone, and the average was recorded. Data were collected, tabulated and statistically analyzed. All continuous data were reported as mean and standard deviation (SD) and sex comparisons were analyzed statistically by the independent sample t-test. The study was approved by the Research and Ethics Committee of the Faculty of Medicine, KhonKaenUniversity. Table I , the mean+SD of femoral neck anteversion angle was 16.21+5.24 degrees. The 95% confidence interval of femoral neck anteversion was from 15.48 to 16.94 degrees. The 95% confidence intervals of male and female average anteversion were 14.75 to 16.90 and 15.59 to 17.59 degrees respectively (Fig. 2 ). There was no significant FNA difference between males and females in both anteversion and retroversion (Figs. 3 and 4) . The average male FNA showed no statistical difference to the average female anteversion (mean difference -0.76, p=0.305). Retroversion was observed in 32 bones (27.59%), the 95% confidence intervals of male and female average retroversion were -8.22 to -4.80 and -7.71 to -4.47 degrees respectively. The average male retroversion showed no statistical difference to the average female retroversion (mean difference -0.42, p=0.682). Fig. 2 . The bar graphs demonstrate the FNA and 95% CI of FNA according to sex. There were no statistical differences between male and female femoral neck anteversion (p=0.305) and femoral neck retroversion (p= 0.682). Table I . The mean+SD of FNA (degrees).
RESULTS

As shown in
DISCUSSION
A knowledge of normal FNA is important for orthopaedic diagnosis and for selection of patients and planning before derotation osteotomy of femurs (Ruwe et al., 1992; Nagar et al., 2000) especially in a particular population. Restoration of FNA is important in achieving stability of the prosthetic joints (Schneider et al.) . Although newer methods using computerized tomography (CT) (Lausten et al.) have been developed, there is no universal consensus for locating the femoral neck axis and the femoral condylar axis (Murphy et al., 1987) . Hence, estimation of anteversion on dry bone is still considered the most accurate method. Various methods have been used by researchers to determine the FNA, and wide variation has been documented for the mean FNA. The source of variation may be the precise location of the central axis (Jain et al., 2003) . Researchers have examined the average anteversion in a normal population by direct observation on dry bones, and found it has a wide range from -25 degrees to + 50 degrees in adults, with a mean FNA from 8-28º (Dunlap et al.; Kingsley & Olmsted; Maheshwari et al., 2004; Srimathi et al., 2012; Zalawadia et al., 2010) . Kingsley & Olmsted reported the mean FNA as 8.021 degrees, whereas the mean determined by the KO method in our study was 16.21 degrees, which is not close to that of the Kingsley & Olmsted report. Kingsley & Olmsted calculated only the mean, and no standard deviation was documented. The mean alone is not sufficient to determine the true distribution of the angle of anteversion in a total set of bones. No statistical difference was found for the femoral anteversion between male-type bones and the right-and left-sided bones in our study. Zalawadia et al. documented anteversion to be greater in females (with mean anteversion in females compared to males being13.6 and 10.9 degrees respectively). Kingsley & Olmsted found a negligible difference (0.081degree) whereas Yoshioka et al., found a difference of 1 degree. However, no tests of significance were done in these studies. Racial differences in FNA have been described (Zalawadia et al.) . Femoral anteversion have been studied in skeletal surveys by other researchers shown as Table II. The average FNA has been reported to be 11.4 to 19.8 degrees by CT (Sugano et al., 1998; Hermann et al., 1998) , and 15 to 28 degrees by various biplanar X-ray techniques based on specimens and living subjects (LaGasse et al., 1998) . Braten et al. (1992) found the average anteversion to be 18 degrees in normal females and 14 degrees in normal males using ultrasound.
Femoral neck anteversion is important in reconstructive surgery such as total hip arthroplasty, and many research have been undertaken in order to develop the optimal orientation of the hip prosthesis. Some studies advocated the anteversion of the prosthesis of 10 to 15 degrees in achieve optimal hip stability together with optimal range of motion (Tayton, 2007) , while Charnley (1970) favored 0 degree to enhance the stability of the arthroplasty. Tayton described that femoral neck anteversion is a result of forces acting through the hip during daily activities. The FNA may vary upon the different cultures or daily activities of the patients. In a reconstructive surgery of the hip, especially the femoral stem replacement in hemiarthroplasty surgery, we recommend to set the femoral neck anteversion to their normal anteversion (15-17 degrees). However, we also recommend investigating the contralateral side anteversion for the preoperative planning in a case that the affected side cannot be evaluated for its version.
CONCLUSION
The respective overall 95% confidence interval of femoral neck anteversion and retroversion were 15.48 to 16.94 degrees and -7.33 to -5.27 with no significant difference between males and females in a Thai population. These degrees of FNA must be considered when the femoral neck reconstructive surgery is planned such as in corrective osteotomy or in hip arthroplasty. However, the retroversion of FNA which was also found in small number of cases in our study, suggest that it is important to conduct a thorough preoperative investigation of the femoral neck version for patients who will undergo operations on their femoral heads and necks. 
RESUMEN:
El objetivo fue medir el cuello femoral en fémures humanos de tailandeses adultos. La versión del cuello femoral es muy variable. Es importante conocer la versión de cuello femoral en una población en particular para llevar a cabo con éxito una cirugía reconstructiva. Se utilizaron 216 fémures secos de adultos tailandeses obtenidos de la colección del Departamento de Anatomía de la Facultad de Medicina de la Universidad de Khon Kaen, Tailandia. La anteversión femoral (AFM) media+DE fue de 16,21±5,24º. El intervalo de confianza del 95% de la AFM fue entre 15,48º a 16,94º. El promedio de intervalos de confianza del 95% en hombres y mujeres fue desde 14,75º a 16,90º y 15,59º a 17,59º, respectivamente. No hubo diferencia significativa entre hombres y mujeres en ambos grupos de anteversión y retroversión. La AFM promedio en hombres no mostró diferencia significativa con la anteversión media de las mujeres. Se observó un promedio Table II . The racial differences of the FNA.
de -8,22º a -4,80º y -7,71º a -4,47º en el 95% de los intervalos de confianza entre hombres y mujeres, respectivamente. La retroversión promedio en hombres no mostró ninguna diferencia significativa con la retroversión media en las mujeres. Estos grados de AFM deben ser considerados en la planificación de una cirugía reconstructiva del cuello femoral.
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